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1. INTRODUCTION
Last year, the Intergovernmen-
tal Panel on Climate Change (IPCC) 
indicated it was highly probable that 
the increase in carbon dioxide emis-
sions causing global warming today 
is the result of human activity. Since 
then, the worldwide environmental 
issue of global warming has contin-
ued to receive greater and greater 
attention. The fact that human activ-
ity is contributing to global warm-
ing suggests the need, on a global 
level, to place limitations on human 
activity in some sense. 
At the same time, at the local 
level, Japan today continues to com-
bine a low birthrate with an aging 
population. Elderly people living in 
declining city centers, particularly 
those in outlying regions, face difﬁ-
culty in traveling to hospitals located 
in surrounding areas. As discussed 
below, this is the result of the adop-
tion of the doctrine of modern ur-
ban planning in places where people 
were already living in downtown 
areas, dividing the elderly living in 
city centers from citizens living in 
urban fringe areas. From a global en-
vironmental perspective, Japan also 
faces a challenge in that per capita 
and per household carbon dioxide 
emissions are higher in outlying re-
gions than in metropolitan areas1, 2.
Seen from the perspective of 
trafﬁc safety, though the number of 
those who die within 24 hours of a 
trafﬁc accident is on the decline 
nationally, Japan still faces a very 
tough situation with roughly one 
million accidents resulting in about 
one million casualties every year 3. 
In outlying regions the absolute 
number of trafﬁc fatalities is small 
but the rate of trafﬁc accident fa-
talities per 100,000 population is 
much higher than in large metropoli-
tan areas 3. In other words, outlying 
regions can be described as beset by 
a trinity of trouble related to the en-
vironment, a low birthrate with an 
aging population, and safety. 
Needless to say both central and 
regional governments are taking 
measures to address these issues. 
Measures approaching any of them 
independently, however, will surely 
be limited in their effectiveness. For 
example, it is often said that there 
are three ways to solve environmen-
tal problems: science and technolo-
gy, social structure and individual 
lifestyle. Wouldn’t it be more effec-
tive, therefore, if we could integrate 
all three approaches?
There is already a degree of re-
sources available for each individu-
al approach. In terms of science and 
technology, for example, advances 
have been made in the performance 
of electric vehicles (EV) 4. In terms 
of social structure, the compact city 
(CC) approach offers a method for 
redesigning and revitalizing cities 2 
while new trafﬁc safety approaches 
OPINION
are emerging that incorporate ergo-
nomics and industrial psychology 6, 7. 
Neither social structure nor individu-
al lifestyles change overnight but 
they can transform over time in ad-
aptation to new social norms. Seen 
another way, the merging and devel-
opment of the natural sciences (sci-
ence and technology) and the social 
sciences (individual lifestyles and 
social structure) has the potential to 
build a new transportation system—
one that adopts, as described below, 
intelligent speed adaptation (ISA) 
to build a society that is considerate 
of the global environment, addresses 
the low birthrate and aging popula-
tion, and is safe 8.
This paper proposes a transpor-
tation system to revitalize outlying 
regions while reducing trafﬁc acci-
dents and carbon dioxide emissions 
by bringing together diverse sci-
ence. Table 1 summarizes the means 
for achieving these goals (EV, ISA 
and CC) and their effects.
2. THE CURRENT 
STATE OF EV 4 AND 
CONTROLLABILITY
Electric vehicles (EV) dropped 
from view after being supplanted 
by internal combustion-driven au-
Table 1 Means and effects
Effects
Means
CO2 Emissions 
(Environment)
AccidentReduction 
(Safety)
Central City Revitalization  
(Low Birthrate and Aging 
Population)
EV*1  
(Science and Technology)
ISA*2 (Lifestyle)
CC*3 (Social Structure)
*1: Electric Vehicle, *2: Intelligent Speed Adaptation, *3: Compact City
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tomobiles early in the twentieth cen-
tury, but growing calls to reduce car-
bon dioxide emissions and recent 
advances in both battery-related and 
control technologies have dramati-
cally increased possibilities for com-
mercial viability. This paper reviews 
the situation, describes the ability 
of electric vehicles to reduce trans-
portation-related carbon dioxide 
emissions, and indicates the com-
patibility of electric vehicles with 
the compact city concept.
Tabo has identiﬁed ﬁve charac-
teristics of electric vehicles as seen 
from an environmental perspective: 
1) highest total energy efﬁciency; 2) 
lowest CO2 emissions; 3) not depen-
dent on oil; 4) best energy economy; 
and 5) low level of vehicle exterior 
noise 4. Figure 1 shows a comparison 
of total energy efﬁciency while Fig-
ure 2 shows a comparison of CO2 
emissions. Figure 1 compares elec-
tric vehicles with representative 
types of automobile currently on 
the market in terms of total energy 
efﬁciency “well-to-wheel,” that is, a 
comparison over the lifecycle from 
oil extraction through driving. As it 
shows, the total energy efﬁciency 
for electric vehicles is more than 
twice that for gasoline vehicles, and 
is also higher than for either diesel 
vehicles or gasoline hybrids, which 
are currently said to have the high-
est total energy efﬁciency. Figure 2 
compares CO2 emissions “well-to-
wheel,” as with total energy efﬁcien-
cy above. As it shows, emissions 
from electric vehicles are one-quar-
ter those of gasoline vehicles and 
less than half those of gasoline hy-
brids. Another signiﬁcant charac-
teristic is the excellent controllabil-
ity of electric vehicles. For example, 
electric vehicles can detect the 
torque generated by the motor, and 
respond to efforts to control it two 
orders of magnitude faster than in-
ternal combustion engines. Hori uti-
lized such characteristics to show 
how the adoption of electric vehi-
cles makes possible the detection of 
initial tire slippage and precise 
control of slip rate 5. In addition, the 
good controllability of electric ve-
hicles also favors the adoption of 
intelligent speed adaptation (ISA) 
discussed in Section 4.3 below 6. 
Electric vehicles also have other 
environmental advantages beyond 
CO2 emissions, holding out the 
promise, with further advances in 
capacitor technology, of reducing 
battery-related heavy metal con-
tamination 7.
On the other hand, according to 
Tabo, the greatest weaknesses of 
electric vehicles are their: 1) short 
range on a single charge; and 2) high 
cost. He suggests that improving 
battery performance will solve the 
issue of range 4. He predicts, for ex-
ample, that the adoption of lithium-
ion batteries will extend the range on 
a single charge to 250km by 2010. 
Costs will fall with volume produced 
so much depends on measures to 
popularize electric vehicles. The au-
thor believes the compact city con-
cept as described in Section 3.2 
offers one context for the popular-
ization of EV Commuters. Such 
vehicles should be used in the inner 
city and mid-city zones of a com-
pact city center. 
3. REVITALIZING 
URBAN CENTERS AND 
THE COMPACT CITY 
CONCEPT 2, 9-11
3.1 Low Birthrate/Aging Popula-
tion and the Limits of Modern 
Urban Planning Doctrine
According to Matsunaga, the 
doctrine of urban planning prior to 
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Total Efficiency When Driving in 10-15 Mode
Electric Vehicles*2
Gasoline Hybrids
Diesel Vehicles
Gasoline Vehicles
Source: Proceedings of the 2005 Japan Hydrogen & Fuel Cell Demonstration Project Seminar 
*1: Efficiency over the entire process from fuel production through supply and use of the vehicle. 
*2: Based on average power source composition for Japan.
Electric Vehicles Have Highest Total Efficiency (Well to Wheel*1)
Fig. 1 Comparison of total energy efﬁciency
Fig. 2 Comparison of CO2 emissions
g-CO2/km
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of Gasoline HEV, Cutting Annual CO2 Emissions by 1 ton
 (Well to Wheel)
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Source: Proceedings of the 2005 Japan Hydrogen & Fuel Cell Demonstration Project Seminar
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the compact city concept is said 
to have its roots in the garden city 
concept championed by England’s 
Ebenezer Howard in 1905. Policy 
under the doctrine of modern urban 
planning presumes that the popu-
lation is concentrated in the city 
center during the day for work and 
spreads out to the surrounding area 
at night for rest, traveling back and 
forth by automobile. Frequently in 
Japan, because the adoption of mod-
ern urban planning dispersed popu-
lations that were already living in 
urban areas, this has resulted in a so-
ciety of automobile dependence that 
creates problems such as: 1) massive 
CO2 emissions due to trafﬁc conges-
tion and the use of fossil fuels; 2) 
the burden to society of an increased 
rate of trafﬁc accidents, and 3) as 
the low birthrate and aging popula-
tion continues, the need for low-
mobility elderly to travel to the city 
periphery to visit hospitals. Not 
only has this resulted in increased 
CO2 emissions from automobiles, 
the dispersion of people has also 
brought about a loss of vitality and 
an increase in crime in under-popu-
lated local municipalities. Photo 1 
offers an illustrative example, de-
picting the sad reality of a main 
street on Friday at 2 PM. The com-
pact city concept discussed below 
was devised to eliminate the failings 
of the traditional modern urban 
planning doctrine grounded on such 
dispersal 2, 9, 10. Ultimately, these 
negative aspects of modern urban 
planning, together with the inﬂuence 
of Japan’s low birthrate, have in-
creased the number of low-mobility 
elderly in regional cities and sapped 
the vitality from regional city cen-
ters. This can be understood as the 
failure of the doctrine of modern 
urban planning, which separates 
where people work (city centers) 
from where they rest (city peripher-
ies), and asks them to use automo-
biles to move from place to place. 
Continued recentralization in large 
cities (particularly large metropolitan 
areas like Tokyo) has accelerated the 
decaying of downtowns in regional 
cities and their transformation into 
residential areas for the elderly 1. 
The fact is that elderly people with 
limited mobility living in regional 
city centers are ﬁnding it difﬁcult to 
receive medical care at hospitals on 
the city peripheries. 
3.2 The Revitalization of Region-
al Cities and the Compact 
City Concept
What arose from the failure of 
the doctrine of modern urban plan-
ning is a concept known as the com-
pany city concept, something whose 
features have been taken up by a 
number of recent books 9, 10. The core 
of the compact city concept is taking 
measures to raise the population 
density of city center while deﬁning 
appropriate roles for various other 
urban zones in order to revitalize 
the city by making it a more ap-
pealing place to live.
Aomori Prefec-
ture has been at the 
leading edge of the 
compact city move-
ment in Japan. The 
author understands 
that the movement in 
Aomori Prefecture 
began in an effort to 
reduce the cost of 
snow removal, and is 
therefore not neces-
sarily entirely consis-
tent with this paper’s 
theme. On the other hand, this 
makes it is a noteworthy example of 
a compact city initiative prompted 
by different objectives.
Figure 3 describes Aomori Pre-
fecture’s compact city concept. 
Aomori City was divided into three 
zones—inner city, mid-city and outer 
city—and land use principles estab-
lished for each zone. These land use 
principles are designed to restrain 
automobile use and promote the use 
of public transportation; contain 
suburban sprawl; and place high-
use facilities with multiple functions 
in urban areas.
In addition, the author proposes 
adopting electric vehicles at the 
center of the compact city to in-
crease the mobility of the elderly 
and at the same time increase the 
accessibility of residents. Here, ac-
cessibility is an attribute or poten-
tial of a location or city—how many 
people are capable of reaching a 
given place within a given time. In 
cities, increasing automobile-depen-
dent mobility is more likely to de-
crease accessibility than improve it. 
That is, achieving mobility with au-
tomobiles comes at the expense of 
accessibility 2.
4. TRAFFIC ACCIDENTS 
AND PEOPLE (DRIVERS)
4.1 Trafﬁc Accident Statistics in 
Brief
Let’s turn ﬁrst to the relation-
ship between trafﬁc accidents and 
people. Natural scientists are devel-
oping driving safety support sys-
tems (called “intelligent transporta-
tion systems,” or “ITS”) based on 
the understanding that humans (driv-
ers) make mistakes, and that if ma-
chines (or control systems) did the 
driving instead of humans there 
would not be any accidents (people 
are the problem). Nevertheless, it is 
well known that machines also cause 
accidents. Therefore, the argument 
that trafﬁc accidents would decrease 
if machines drove rather than er-Photo 1  A deserted downtown in a regional city
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ror-prone people is clearly off-tar-
get. Still, looking at the develop-
ment concepts for ITS driving safety 
support systems, one is struck that 
many natural scientists continue to 
subscribe to the notion, mentioned 
above, that people are the prob-
lem 11.
The proportion of the popula-
tion that is elderly has increased in 
recent years. Before turning to the 
relationship between trafﬁc acci-
dents and people, Figure 4 indicates 
the number of trafﬁc fatalities among 
the elderly and the proportion of the 
population that is elderly. As the 
chart shows, through 1995 the num-
ber of fatalities increased as the 
proportion of the population that is 
elderly rose, but after 1995 a con-
tinued increase in the proportion of 
the population that is elderly was 
not accompanied by in increase in 
the number of fatalities. Also, since 
the overall population rose only 
slightly between 1990 and 2000, 
the situation is not as simple, partic-
ularly after 1995, as saying that the 
elderly are more likely to cause acci-
dents. 
Next, Figure 5 shows trends 
over time in the number of accidents 
involving injury and the number of 
fatal accidents, each per 100 mil-
lion vehicle/km. In recent years the 
number of accidents involving inju-
ry per 100 million vehicle/km has 
hovered around one million per 
year, or one accident every million 
vehicle/km, while fatal accidents 
have occurred at a rate of about one 
every 100 million vehicle/km. The 
rate of accidents involving injuries 
has fallen to the point where most 
drivers, even if they drive 30,000 
km per year, have roughly even 
odds of causing one accident in-
volving injury in the course of their 
lives. It is possible to interpret the 
trafﬁc accident frequency as con-
forming to a statistical phenomenon 
called a Poisson distribution. The 
reason is that Poisson distributions 
are achieved when: 1) the probabil-
ity of occurrence is extremely low; 
2) there are many trials; and 3) each 
trial is independent. Figure 6 com-
pares a trafﬁc accident frequency 
distribution using actual Tokyo data 
and a Poisson distribution calculat-
ed using the same average value. As 
the ﬁgure shows, the actual frequen-
cy distribution and the Poisson dis-
tribution are quite similar. The point 
is not that trafﬁc accidents are a sta-
tistical phenomenon and therefore 
cannot be prevented, but that there 
is a limit, as mentioned above, to 
what accident prevention measures 
amounting to little more than say-
ing, “Be careful” can achieve. I be-
lieve this suggests a need for some-
thing new that goes beyond 
conventional measures. 
4.2 Explaining Accident Rates 
Using the Spare Capacity 
Model 12
The author has already shown 
elsewhere that the spare capacity 
model can explain the fact that the 
accident rates for vehicles with auto-
matic transmission (AT) is twice as 
high as that for vehicles with man-
Fig. 3 Aomori Prefecture’s compact city master plan
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ual transmission (MT) 12. Seen in iso-
lation, Figure 7 may raise the ques-
tion of whether drivers of AT vehicles 
have lower driving skills. Neverthe-
less, whether looked at by human 
factors leading to accidents, by driv-
er age or by accident type and age, 
the results all support the conclusion 
that, among all accidents, the acci-
dent rate for AT vehicles is twice as 
high as for MT vehicles except for 
head-on collisions and that, among 
fatal accidents, the accident rates for 
both types of vehicles are roughly 
the same. It is reasonable to conclude 
that the cause is not poorer driving 
skills among the drivers of AT vehi-
cles but rather that AT vehicles exert 
some kind of trafﬁc psychological 
effect. The reason is that were it a 
matter of driving skill one would 
expect AT vehicles to have a higher 
rate of head-on collisions as well, 
but the data does not support this.
4.3 Risk Homeostasis Theory 13 
and the Social Acceptability 
of ISA
A beginning driver who con-
centrates entirely on driving has a 
spare capacity of zero. As one be-
comes more accustomed to driving, 
however, spare capacity increases 
and one is able to think about things 
other than driving. Risk homeosta-
sis has been proposed as one general 
theory of human thinking style 5. 
According to risk homeostasis the-
ory, as illustrated in Figure 8, peo-
ple are always weighing risks and 
beneﬁts in the balance and acting 
to gain the greatest beneﬁt with 
the least risk 13. For example, when 
faced with a choice between going 
the long but safe way or taking a 
slightly dangerous shortcut, people 
will often take the shortcut (maxi-
mize beneﬁt) even if there is some 
increase in risk. The observation by 
Ishida, et al 13, that drivers provided 
with safer engineering measures 
will take riskier behavior, and that 
driver safety support systems should 
take risk compensation into account, 
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dovetails nicely with risk homeo-
stasis theory. In other words, driver 
safety support systems that improp-
erly assist drivers will lead drivers 
to assume greater risk in an attempt 
to achieve greater beneﬁt. There is 
the risk, therefore, that driver safety 
support systems installed to reduce 
accidents may in fact increase them. 
This also ﬁts nicely with the fact that 
accident rates for AT vehicles are 
twice as high as for MT vehicles.
As the above suggests, reduc-
ing accidents to zero will require 
more than simply urging caution; the 
time has come to think of different 
methods. One such method, as men-
tioned above, is the adoption of in-
telligent speed adaptation (ISA). 
With regard to the potential for adop-
tion of ISA in Japan, Taniguchi has 
pointed out the need to increase so-
cial acceptance and pointed out the 
important role of public broadcast-
ing 15. If a public broadcasting appeal 
to the social signiﬁcance of ISA 
would, in keeping with risk homeo-
stasis theory as discussed above, 
greatly increase the y-axis risk then 
public broadcasting is one method 
to consider alongside stricter penal-
ties. It will also be important for 
natural scientists and social scien-
tists to work together closely in en-
couraging adoption by society 16.
5. CONCLUSION
Above, while making observa-
tions about the low birthrate and ag-
ing population in outlying areas, 
ways to reduce trafﬁc accidents, and 
driver psychology, the author has 
proposed the combined adoption of 
electric vehicles and intelligent speed 
adaptation in compact cities as a 
transportation system that reduced 
accidents, revitalizes regional cities 
and produces low CO2 emissions. 
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